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(57) Abstract: An undesired ASE gener- 
ated in optical communication is reduced 
so as to increase the transmission distance 
span. A carbon nano tube is used as a sat- 
urable absorber (15). The saturable ab- 
sorber is inserted in the path of the signal 
light of, for example, bidirectional exci- 
tation type EDFA (50) such as in the lat- 
ter stage of the EDF (40), so as to serve 
as a noise reduction apparatus for cutting 
off or reducing an undesired ASE having 
a weak signal light intensity and transmit- 
ting a signal light having a strong light intensity. The noise reduction apparatus can be used in the field of the optical communication 
using a carbon nano tube having the saturable absorption function. 




= (57) 



% Wb*rBI*o ^^-^^ pT«&fPK«X» 1 5 t Itffl l** t 



2 5 O 0«-5§-5fc4>i§SS*. J: 0 # L < MU EDF 4 0©tSI:»A^t/: 
en 



\^ o3/<)7 1 349 ai i urn iiinii! ii mm hih mij| ^ p^ inn nm itm nm mi miin im mi mi 



& AMmSttfT^^W^Sf Ibaraki (JP). @* IB 
(TOKUMOTO,Madoka) [JP/JP]; T 305-8568 *£ 
iO<lfrf JSS1TI 111 **m2fflStfT 
Afiftft ffi3g^ffl3£Br W Ibaraki (JP). PI*0 
» (ACHIBA,Yohji) [JP/JP]; T 206-0025 IS 

IB #grlT 7*LU 5TI 6 # 9 Tokyo (JP). Jt5B ft 
a (KATAURA,Hi rom ich i) [JP/JP]; =f 192-0916 IS 
SB Ai^Hf HtZftWi 1TSl1|4^-506 
Tokyo (JP). y^^a>X + -, "7 — ^ >r>*X 
(JABLONSKI,Mark Kenneth) [US/JP]; T 175-0083 I 
jR«Bffi*gE@*L8TS 1 8f1 8-^—2 O 8 Tokyo 
(JP). ffl* (6— (TANAKA,Yuichi) [JP/JP]; =f 184-0013 
ISSB /h&#rfT flUBT 3Tl20f 1 8^ Tokyo 
(JP). 



DM, DZ, EC, EE, ES, FI, GB, GD, GE, GH, GM, HR, HU, 
ID, IL, IN, IS, KE, KG, KP, KR, KZ, LC, LK, LR, LS, LT, 
LU, LV, MA, MD, MG, MK, MN, MW, MX, MZ, NO, NZ, 
OM, PH, PL, PT, RO, RU, SC, SD, SE, SG, SK, SL, TJ, 
TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, YU, ZA, 
ZM, ZW. 

(84) f|£ M ARIPO ftlt (GH, GM, KE, LS, MW, MZ, 

SD, SL, SZ, TZ, UG, ZM, ZW), =y v7 (AM, 
AZ, BY, KG, KZ, MD, RU, TJ, TM), 3 — P V 
(AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI, FR, GB, 
GR, HU, IE, IT, LU, MC, NL, PT, SE, SI, SK, TR), OAPI 
$#t* (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW, ML, 
MR, NE, SN, TD, TG). 



(74) ftSA: *is # (OHGAKI,Takashi); t 170-0013 MM ?$tt^lB#II: 

& sa e scans? i t s 3 5 § 3 aass-iz > * - e — HBSissfa^s 

4 eg Tokyo (JP). 

(81) fit/SIH (Wifa): AE, AG, AL, AM, AT, AU, AZ, BA, BB, v htf>^HfCg«$*lTl^ Tzi— KtKS 

BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU, CZ, DE, DK, <D 9 >X J — h J £#EBo 



WO 03/071349 PCT/JP03/01755 



w m w 

-/log^^wt; (Sffim^b) a* g * *t -c s . 

m^LMt&fflm Lfc, x;Hf 5; AgSj&nft? 7 -f ^if^S (EDFA: Erbium D 
oped Fiber Amplifier EDFAt^tS. ) i 5 ftl^t^5„ 

5fea6ft««i:^l 5 OOnmiliT'I^tt, ft f lj ft & t>* ft ^ £ H 
L^L^^f,, E D F A&tt C«> £ I"** Wife^ ^^cDfr 

g ttl 3fc (ASE: Amplified Spontaneous Emission £A T , A S E t W 

So ) s„ 



WO 03/071349 



PCT/JP03/01755 



At'#^^ 5 ti^, a s e \t „ <t yt t m m % y r << '< m <» e us * k. 

^(Dtztb, r <D*ffimiz?&£.-f Z> a s e li, & EE Hi <a ft 



^ <d 0a ^ 

3ftAf±» il$t, ft 3$ ^KUt^T , *>*9/h§V^tf I Lt«i 
t5, 3fe ^ 17 — © 2 51 -C K 1R 36* » U T a ifi * *s * 1« i~ S * 3pJ ffl -r 

nii, « w * * *s * $ -a: s 1 1 1 »c st # )t <© it « * «i «a $ ^ s ^ t 

*s-e#, ^oT, fS#*<O^Sre»$-e: % & * ft £ g if i" -5 C <b 

fl* bT IB "X* 5 w t as flj o 0 

nx# <t itffl v*t«j5£ $ tix ^ -So tit, r. <Dm^&Mmmte. tftm 
:©J:9 fc*/*fci-*Ltf, ^ ia ?p © ir # -e *> 5 # — y ^-^ — y 



WO 03/071349 PCT/JP03/01755 



©»V"aiS#&jSifl HKiiStf «T IS ft] m U ft £ it ifi 

0 0 nmi^_h-e*>oT^o2 0 0 0 nmWT-efoSO^&^o 

#*L<fi, ft#3tefi, at 7 r-f'< ait « -li- 
ft «b -r 6 vn„ 

»*U<f4, ¥ f* ft if H b ttl It £ -ft ft # ft 

#*l<«, ft-§-fti±, ¥*fr^~-9*^e>aiit*ix7tflr #ft* 



WO 03/071349 PCT/JP03/01755 



Sia * a * ft < wf t* # e * ^ *ra t # 6 o 

3c® K / ^^-^&IS:tt-c*ll;&-r * r. t So *v>tt, 

nit s wn Tmm<Dytw.u<&&<DMw £.&-r z> m , 

n 2 in i -e*t><sv^^^df — ^^^^jx^suRffiFtij^^ov^-c, 

B3ii, s wn rmm<o z - x * v ^BcOAUgttKovm 5 B, 

|4lt SWNTflOZ — ^^r-y ^fe(CjoV>"C > SWNTfg^- 
4 0mm#i£(C|4tLfci:f © v # — % 5£g *5 5 3iB ^ » tfc PJ 

tfc-rsm, 

HI 6 (A) ~~ (C) 14, SWNT*ffifd«fc3*ltf#©te»»*Ogft91 
HI 7 ft, SWNTIRIU S»?BSEJg8!l*©tft0Jfc{fcr SB, 



WO 03/071349 



PCT/JP03/01755 



in 8 (a) r t>* (b) mm<DBB<Dmmm<D®.w^mir & mx#> 
?^^^T>*iEeg§^^ <^^mni&^^^ itj)5 i-ig^&v^ tot, ^ <d 

3§ , H ^ fly <r> & ic m M £ ti 3 h <d x ta ^ 0 
(1-1) *> -tf^-f s (DftM 

tc 1 & <D if 7 7 ^ ^ (graphen)^ ^ ^ — ^fljjg t 4ot^5 ( # — 

■^^•rj=f=L — y' (SWWNT: Single-Wall carbon NanoTube, SXT , SW 

^ — y (MWNT: Multi-Wall carbon NanoTube, U T x M W N T <h "t" 

m^^m^m, wz.t£* ^^/uh (Co) so*- ^ (n 

i) (0»l;ttf, #*0. 6l?%i:t5 0 ) 

m^^x s ^©ny^i/y i>^^^^^qa-e^i 2 0 o°c<DM.mxto?& 

5 0 0 T o r r W i*JE T T» 7 =f (Ar) #;*£50scc 
mXmA^ttfcb. **3rWb, (Nd) • # (YAG) ^/U-XU — if 
(10Hz) ^^PB$t£^£M^&Jl<t£^$§£-tiT SWNT^r^H 



WO 03/071349 PCT/JP03/01755 



• 



(1-2) yty ^ 

tV>t, SWNT*S*R*nt^5ii (^T, S WN Tffl^ ffc-*- 
5, ) ^f^HtSo SWNTli^^Hilli, SWNT©tliS» 

f L < 11 0 . 5nm~2. 0 n m «©i ^ T* & x X. S W N T <D ft £ 
L< It 5 0 0 n m ~ 1 0 0 0 n m (D^irt© © J^ffl f 5 

& # it IS m. £ 5 £ t # X' # 5 „ 

t^t\ KT©II©llflt ¥*&Dt&tf*l. 3 nmgt, ¥±&ft 
£ 2* 1 o 0 0 nmllCSWNT^IV^, 

^ T l£ , ^ ^ u - & »c «t 5 S W N T *W © K * jfe o - W * fll * IE 34 
5fc1\ (1-1) X'iSJLfc^StaoTil^nfcSWNT^, # 

^-a-fi, i-2mg/mii«isffi-eji,5, ^tiliirn^PS 
* o s w n T # u & # £ J*« K: * & fc v> «> » # 9 * £ fln L 



WO 03/071349 



PCT/JP03/01755 



7 



(1-3) # — # >- y ^ ^ — m. nx * ^ 9 Y^Wifc 

( 1 - 2 ) "CHUB Ufc^SrtC «fc o Tfls« $ tbfc SWNT^^O^OiJlCi 
SWNTilli, HS^tlfcSWNTl~2[mg]^ > ^IIHt, 

r 5 Lt#?3 jlfc SWNT»l»©3fe!Ri|R#tt<0fclJ£*§*«:H 1 tC^-T 0 
SlJfctt, #3tft£U-U - 4 0 0 0 ( B ScJSIf^gfttK) Srffi^tlfofco 
i©0©*ttttSWNT?|Il;:i*tUfc3t©3:^/l/^-[e V]Sr*t, 

H9 l M ^ i~ J; 5 > swNTiitt, ^*1!H#lc«#tf>«Jteflr&*r*- 
§:^^i>5 0 r^SWNTillj:, 0. 8 [ e V ] f+i5 IC ® JR 

m 1 £ $x 5 ^ t, ig;v^^^/w=¥— (d^-Cfi, l[eV]# 

tco^m 2 fc^-t- 0 

HI 2 ^ f «fc 9 \Z s llll{-*5^Si^l[eV]f+3ft(D®i|X^(*l 200 
n m ~ 2 0 0 0 n m <£> 2£ g J£ L , * , RH^-^tfttl 78 

0 nmMjSTfJbSi fc*»BS*l)t. ft, S WN T CO® J|X ^ j&Sfi, 
vl<D^JSO^^C0^#TT*«l 7 8 0 nmftifitfeot^^ SWNTCO 

sfcoi mm 

(1-4) ^-^^^-y ^^.-^o sjmfti'&i&mmvmfc 

(1 - 2) -CgEfcffcBJ LTt^jfe-Cf^Si^ flit S WN T jjg K # ft 
(i^-ifft) &HB*tL-C\ HBatft»«£ SWNTiH^Iiit5ii§)t 



WO 03/071349 PCT/JP03/01755 



ay^^e 1 0 t± v v^— if *$<d%m 1 2 , u v# y h ? * 1 4 , 

ND7^/U^ 1 6, *K ffifli f # 1 5 OmmOl'^Xl 8St/gjtS2 

o#, 3tasi 2 ^ t><omtoft<Ditw (zxfa) kjb o -c r <DMJ¥X'mw. 

ZfrXio V s SWNTill 5 111/^X1 8i§3te#2 0£©|HJfcSl« 

^•L-C, S WN T H 1 5 £ , U 1 8 © & jfe F ri» gftfi 2 0 fiPj 
\C 4 Ommll^ofcfit^IfiX (0 : i? p ) t Lt, 3fcM (Z«) 
(DJKE^^fS] 2*ft) llfiotilH, SWNTill 5 id 

flait * tu 6 m ttft&m x-comi&m&it & an £ l & . 

'^7 * hi) y V *i4@ (OPA: Optical Parametric Ampl if ier) £r $1 X. X }3 
<9, SWNT©!Rl|Xfc 0 - ^tft'feS^l 7 8 0 nmCl/-f3t^aj^ 
t5„ * it y U- - if ft <D X * i|>g £ 2 0 0 f s , $l93£LJi#i&lkH 
z i 1 2 ^ (D U — If 3t3ft* & % 1 0 m W, 20/iW, 30m 

W, 50//W, 1 00/iWR^3 0 0 /iW©6i|HTS^^!To/c 0 
ft, SWNTill 51:111^5^11*, lfiESWNT|Kl5#i 
£ F (clE® $ tifc c§it^t<*^ £ F frb&gfr 5 fcoHT/h 
S<45, -#J £ LT, 3taS(l2d»e>«>^-lJ t 3t3fi«^lOMW 

-efeS#-^0, F "CO U' — if ft^te#*J 0 . 05mmtJ)!), «*«£F 

-CO U — if 3t»ftf4*«I 6 3 7 MWtfco t, 

SWNTill 5§r x H X (0) ^biit^^lU Oram (-4 
0mm) f+iSfc:* -C^U) $ -ttfc irteioh. SWNTlHl 5^1 

& F i&m^itLm Lfc <b # 3fe« 1 2 u-if3te3ftgfc J8«sts£ 

©B8«SrBI 4 (c^-r o H 4 Kfc^T, u-if ftfalg (3fe^°!7— ) 

[ m w] ^*fic^^ i, iiiciif hbt^t, 10// 



WO 03/071349 I>CT/JP03/01755 



# • 



WtlJH)3 X 10-2(3%) , 2 0 » W -C (4 ft) 9 . 5X10-2(9. 

5%). 3 0(iWT'l«16. 5X10-2(16. 5%), 5 0 u W T? 

81!) 3 2 X l 0-2 (32%) , 1 00/iWT'liS!il55Xl 0-2 (5 

5 % ) Rtf3 0O/iWtllft8 0Xl 0-2 (80%) ffeoto 

in 4 *»p> fciiit* # 5 «t 9 {-> 3- #&^k*5</>-c , mttitfom 

8 0 X 1 0-2 ( 8 0 %) mjg-et4. ( U- — ■? 9b) & J3c H? 1 0 0 % 

<2> ^ -y(D sj&%iw.)&mm*mm ufctn^^j 

L T fU m -t 5 ffil&M fc o # f% i" 6 o 

c £ k <t t> , ft-^ t \-zmm-r zitKm-r %%r ^ y t u 
r^ij^-r^o L-cfij^-r^c 

EDFAto^tKWt5fc»©«lS*)*B|-e*4. 
121 9 14, 1115 i<D«^©ffiS^tiil!lt5fc*©^3t5- IRW4EDFAO 

«i»*i*ia ft, m 5 so«b 9 nMjffammm e d f a-c-& a a« 

r *L fC RgJt $ s <o T-14 < , iffl fa a «!! E D F A Ifc VM4 « ;£ fa JSb 



WO 03/071349 PCT/JP03/01755 



10 



n <DniM(D]&mx*ft:^ *77^^**SSi: LtEDFA?:01ll 

m if x m w -t a a* zti <b tt 5 t <d -e « * < , #j * , y-^^m^m 

HI 9 M 7F -t <fc 5 {C % — f$&)tj;W.Jjfam&WEr>FA30te^ 3 
2tffi*«fR4 2i:<OlHIJCia»te)tfr*3?>, f^^$S3 4, 34' , Sb 
& % M 3 6 , 36' „ 3t7^ V * 3 8 , 38' S.t>*^/Utf^A^^D 
)£7r^^ (SXT, EDFilt5„ ) 4 0 SrAitTI^S. r©^#, 
3t7^yu- ^ 3 8, 38' {4 , BE , EDFA30t|©77^<i 
(Digmffi t ft 5 A*8B 3 2Xt5m^3«R4 2 © M U £. ir 5 , 
fliS&ii-rSSM* (*t*3te) ^«)*Jt5, ^tiSlHlKi LTilLTV> 
5. 

S*^lliiEDFA3 0 <DW}ft<Dm9&te. fiATOiUJ-Cife*. 
3fei*> A2>tl5 3 2 A*t 5 tlttm #3fe«> 3t£-#&i£ 3 4 T'JSbjgft 

TEDF40tig^5. ^LT, ig ipg $ *l 7c ft (*J9«3t) fi , 
#j£3§3 4' RX*ftT«( y 3 8 ' -C»9Jj&jB#*?4>*S#d s #ifc 

©38 W © © © - «r Sft W 3 . 

JlXifr 1 5 14, ( 1 - 3 ) OJgT-lfcKif&PJ L/c «fc 9 9 
±fc$*rJKric$ixfc SWNTigffcS, 

t£*f LT 8 0%g±i*5J: 5 ft BHJ¥ 7£ fife 1" 5 <Z>#&^. 



WO 03/071349 ^PCT/JP03/01755 



11 



fi& fP » ifc # 1 5T"ftf ^tfci^iUtfeS, 

{BL, EDFAfi, J^*a£)il!9, ^^ft: U — if 0 18b j@ 3t (Sfri&jfcft : 
9 8 0nmXf* 1 4 8 0nm) t i^x^f^A (Er) O K $S # *P 
<fc o T , ^y^7^T-r^cr>1li6ti^^fti^(D 1 5 0 0 nmf ©fit 

JJl 2 0 0 nm~ 2 0 0 0 nm) i: E D F A ©ft f-jtf IS (15 00 
nm) t (Dm&fe% t 5 r. t 5* 

5tt, (1-4) -CUE^fJfcK Lit J; 5 t-, 3te3fc&<Z>S3^3t (it)fe) £ 
*l *$> £ , r © # * 3t <0 3fe !7 - £ ft * 3t w !7 - £ © £ & JL ^ < 

mm-rtiti. — #>-i-/ — zfxffi&z tin *j&fa®Li&fc 1 si^r 

ior, 0ijx.fi, m^mmmm e d f a 5 of%4t5^©if)t 
(ft^ 0 ?-) yjs 1 0 nvfumx-h 9 s ut^itauofft 

3fe<^)fe§i^ ( % '< V — ) «550iiWti\ 1 0 0 /iWH^Jitl±o^: 



WO 03/071349 _PCT/JP03/01755 



12 



5c 

»V*T. 1116 (A) ~ (C) Sr#R8UT, it # ft <Z> $1 # (S« IK B £ ffi 
iSEDFAias, ft »R V*t * » *> <b o # J; 9 f£*ffl 

Mf&uj-rs,, isi, me (a) ~ (o flr##«EJBxt**i##«?B<D 

(*^!7-) ^Sttl^o 
H 5 »d*i-A**» 3 2 3i»6>, <lt)tai5, £ ft ft ^% a £>f5$B # o 

6 (A) #K) . 

L T , H)5^^i-25?^fS]lb^^EDFA5 0<DBT^fpPiil|X#:i 5 0) 
M8tiZ -T? {d S3 l^T, If a fi±3t*i« $ ixTlf a ' i45. * , 

6 (B) #J8) , 

It, ft a ' b ' RT«afnRiR#: 1 5Sr^Ltffl 

*$*5ri:ia5, 3fe&£cDA# fcfll *3fe a ' {4 (5 f£ 10 0 $ 

H T ft ft a " b ' fit * i> fit 0S« 

Wtc:aEWf £^5 t (1116 (C) #bb) „ ft, Itf^a" (DfaMM 

■ait, ^ <DmM<DMMic *si^-c* swNToiiisvi^^iiut 

(#fil % SWN T W IlL ^ ^ $t 'Mb fit ^ $1 ~C So ) , S WN T CO^lR t° 
— ^ ^ S ^ 1 7 8 0 nmttia^fb 1 5 0 0 n m # i£ * *t 3£ £ -fr 5 ^ 
tfit, SWNT©«IISfijPiilRii^if if^fcfclUIt Ll\ 



WO 03/071349 PCT/JP03/01755 



13 



ftgk^ ?r«&ft!»J|Jlfr 1 5 SrSSg J-ffc*fiK-et , Is] 18 O $ jjl £ # T* # 
5. 

4oT, H 5 Ki*i-Tfrtt|p»iR#: 1 5£, K 4* ft » M * % tfr f 5 3t T 

it, i7^#iLt, ^«&fB«jR# 1 5 *mtemte& t vxmm-r 

«ttttfflr#*3ftK (*^<I7-) (tefr^SMi) £^L-ci^£ 0 

HEKifftK Lfc J; 5 fc, 0 % * -CMII © & * 60 * # ^g[5# 

f4{£v^ 0 ^ot, hi 7 fc^-r 4 5 t-, "sr ^ □ ^ nx ^ 1 5 k am & tiz m 

tf>ft#fta' (HI 6 td*3ft 5flT a ' i^J^LT^^, ) f4 , ^f&fn 

*K<D&m&mm ^ tut is a - tfts, 

t©^*, ■BTfi&fOiRJKft: 1 5 L-CtH^J §tt5^^^fll #-3t a " 14, 

A?/U**gYf4, «*3ta* O^/P^itgX «t 9 t>3Sfe< /i5„ t£oT, HI 5 
(c^-T pTI&faPiiJtx^ i />Vu^ff #3t(c^ LT/B 5 Id 14 , 

* BO « & *S < ^o«#3t* ftttfcafclHc. fclittf, mi&M#:<D £ ? 



WO 03/071349 



PCT/JP03/01755 




14 



RS^$n^v> 0 ±oT, fl£*»3g/j;apiptc jsv^T^f mtttkft 

salt, n o aw l ^rtafpp^Jix &n ? z. t x <o % ^^^^^ 

*fc, 18 (B) l;*t<t5t> 7 7 << 

(-r-C'tt, mt\^X. ® 5 l£ ^ 1~ # ft ISt) ig M E D F A 5 0 t 
t5 4 ) #Jx.fi\ 3 oJgg§ Ltli^f^tt, ^IiafDKlRftl 5 f 

iUTRItSH^i: LtfcRt\ » fif $ *t 3fc 7 r 



WO 03/071349 PCT/JP03/01755 



15 



■o«£afc$-e-5fl|fifct"t-5*rJt-e'b. 0U*.fi, l 0 0 0 0 k mi^T-OiS 



iflWri- 5-^rT?3t3fi*«>3iH/^f9#3t *SiB-r S » ft # 3t <£> Ml # 0& « S © 



WO 03/071349 



PCT/JP03/01755 



it * <d m m 



3. »3fc5i l 2 tJ:BS«©flr-^3fe^*t*««2e«Ki*5VN-c, MC 

teaser, ffiSE^r«i«i»iRflctt, tfriE«#ftfc:*t-r ssej&setbss* ur 
5 . it *s i jfev k L4 cov^-r M^~-^.\z.^m.<D*m%%(om^^w.^m. 

(d*5V>T, M IS T^»fn!ftJfc#<BT*tSfn!Rifc^tefctt*i«fi» 1 2 0 0 n 
m)il±T'foo-C 2)>o 2 0 0 0 nm^Ttt5:i t "f Z> is ^ % <D 

k*5v*t, MiBf§#3t«. *7 r -f ^< <b mat $ ixfcflr t r 



WO 03/071349 PCT/JP03/01755 



17 



l 0 . l fcv* b 7 <£>^i* tb^-«^IE«feo{S-§-3t^>3t^(S^^ 

i i . i lio ov^-rtL**-«^flB*<z>«#3fe<o*t*ffi« 

-fSLXf-^m* — s — ? <d -rut*— ^ffcsri 
i 2 . it i u i i ov^-rn^-qt^iE^ofli-^^oaiwteSi 

1 3. 3feiifllt!:*3»t SflHS-^^iitt* # — ^ >t y ^ ^ — ^ & *T 
&fQWtRft t LTEILT, S^'srfafPSfcUJKfclc «fc o tilt 3t©Jtf 

its: * zftmt -rzm ^-%(om^^m^^o 



WO 03/071349 



PCT/JP03/01755 




WO 03/071349 _ _PCT/JP03/01755 



2/6 



[112] 




1000. 00 



1500.00 2000.00 
&4 [nm] 



2500. 00 
2600. 00 



[ID 3] 



10 



/ 



.12 



,16 



i 



.18 



,15 F X(0) 



- 40m* 



.20 



WO 03/071349 



# 



CT/JP03/01755 



[0 4] 



3/6 




20 30 50 100 200 300 



[05] 



50 



r 



32/42 




.42/32 



INTERNATIONAifcARCH REPORT 



Intemat^Hkpplication No. 

P^WJP03/01755 



A. CLASSIFICATION OF SUBJECT MATTER 
Int. CI 7 G02F1/35 

According to International Patent Classification (IPC) or to both national classification and IPC 

B. FIELDS SEARCHED 

Minimum documentation searched (classification system followed by classification symbols) 
Int. CI 7 GQ2F1/01, G02F1/35, H04B10/00 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 
Jitsuyo Shinan Koho 1922-1996 Toroku Jitsuyo Shinan Koho 1994-2003 

Kokai Jitsuyo Shinan Koho 1971-2003 Jitsuyo Shinan Toroku Koho 1996-2003 



Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 
JICST, USPTO Web Patent Database 



C DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



P,Y 



P,A 



Chen, Y.-C. et al . , Ultrafast optical switching 
properties of single-wall carbon nanotube polymer 
composites at 1.55pm, Applied Physics Letters, 
Vol.81, No. 6, August 2002, pages 975 to 977 



US 2002/0176650 A 
28 November, 2002 
(Family: none) 



(RATNER AND PRESTIA) , 
(28.11.02) , 



Zujin Shi et al., Single-wall carbon nanotube 
colloids in polar solvents, Chemical 
Communications, No. 6, March 2000, pages 4 61 to 4 62 



1-13 



1-13 



1-13 



[ x | Further documents are listed in the continuation of Box C. | | See patent family annex. 



* Special categories of cited documents: "T* 
"A" document defining the general state of the art which is not 

considered to be of particular relevance 
"E" earlier document but published on or after the intemational filing "X" 

date 

"L" document which may throw doubts on priority claim(s) or which is 

cited to establish the publication date of another citation or other "Y" 
special reason (as specified) 

"O" document referring to an oral disclosure, use, exhibition or other 
means 

"P" document published prior to the international filing date but later 
than the priority date claimed 



later document published after the intemational filing date or 
priority date and not in conflict with the application but cited to 
understand the principle or theory underlying the invention 
document of particular relevance; the claimed invention cannot be 
considered novel or cannot be considered to involve an inventive 
step when the document is taken alone 

document of particular relevance; the claimed invention cannot be 
considered to involve an inventive step when the document is 
combined with one or more other such documents, such 
combination being obvious to a person skilled in the art 
document member of the same patent family 



Date of the actual completion of the international search 
14 March, 2003 (14.03.03) 


Date of mailing of the international search report 
01 April, 2003 (01.04.03) 


Name and mailing address of the ISA/ 

Japanese Patent Office 

Facsimile No. 


Authorized officer 
Telephone No. 



Form PCT/ISA/210 (second sheet) (July 1998) 



INTERNATION. 



ARCH REPORT 



Internal 



plication No. 
F /JP03/01755 



C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



Margulis, VI. A., Gaiduk, E.A., Theoretical modell 
-ing of nonlinear refraction and two-photon absorp 
-tion in single-wall carbon nanotube bundles, 
Journal of Optics A: Pure and Applied Optics, 
Vol.3, No. 4, July 2001, pages 267 to 275 

JP 11-261487 A (NEC Corp.), 
24 September, 1999 (24.09.99), 
(Family: none) 



1-13 



1-13 



Form PCT/ISA/210 (continuation of second sheet) (July 1998) 



J P 0 3/0 1 7 5 5 



&m<Dm-tz>ftm<D&m (mn&n#m (ipc) ) 

Int. CI' GO 2 F 1/3 5 



B. 



mzn-otz&'wmn m&MWf-#m (ipo ) 

Int. CI' G02F1/01 G02F1/35 H04B10/00 



s^mmmmm^m 1922-1996? 

s^m-^mmmmm^n 1971-2003? 

B*m&®.nmmni<&u 1994-2003? 

B*mnmmm&m4tn 1996-2003? 



mx'&mvtcn+T* (r-*^- mmz&m vttmm) 

JICST 

USPTO Web Patent Database 



•)J7-zl ]}— * 



PY 



PA 



Chen, Y. -C. et al. Ultrafast optical switching properties of 
single-wall carbon nanotube polymer composites at 1. 55/zra, 
Applied Physics Letters, Vol. 81, No. 6, August 2002, p. 975-977 

US 2002/0176650 A(RATNER AND PRESTIA) 2002. 11.28 (77?!)- 
*U 

Zujin Shi et al. Single-wall carbon nanotube colloids in pol 
ar solvents, Chemical Communications, No. 6, March 2000, p. 461-4 
62 



1-13 



1-13 



1-13 



□ ^ryh7 7 5 y-tcH|-r-5S'J*ft£:#RB. 



Taj £Nc§B5gtf>*>£:fcjtfc-ett:ft< , -&6<jfcffi7k*PSr*-*- 

xm m&*tt-r) 
roj piictsi/x <£ffl> 

rpj mmmsmx^ a^&tomoii&nm&btezmm 



<db<o& icam tilt x& 
rxj #^Hii<Dfo5^jg)fc*>oT, a^iSfc<D^mw 

(Off #M4XtezS#*4riS ft v > # x h ti 5 t> 0 

i o X ft i > i: % x. h ti -5 1> tf> 

r&j p-/'!f>'h77$y-Xililt 



14. 03. 03 



01.04.0? 



m%tm&mM<o4>fa&xfibX!tt 

B#H#fF/f (ISA/JP) 
100-8915 



2X 



9 3 16 



mM^lr^r 03-3581-1101 f*3i& 3 2 9 3 



i3;PCT/ISA/2 10 (^2^-^) (1 9 98^7^) 



C 



J PO 3/0 17 5 5 



Hig1-<5 



Margulis, VI. A. Gaiduk, E. A. Theoretical modelling of nonline 
ar refraction and two-photon absorption in single-wall carbo 
n nanotube bundles, Journal of Optics A: Pure and Applied Opt 
ics, Vol. 3, No. 4, July 2001, p. 267-275 



1-13 



JP 11-261487 A( 0 ^mim^St) 1999. 09. 24 
U ) 



(77^; y— ft 



1-13 



SSPCT/ISA/2 10 i&Z^-VoWiZ) (1 9 98¥7fl) 



